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EXECUTIVE SUMMARY

Summary of Major Changes
Relative to the November edition of last year’s BSAI SAFE report, the following substantive changes
have been made in the Pacific cod stock assessment.
Changes in the Input Data
1) Catch data for 2005 were updated, and preliminary catch data for 2006 were incorporated.

2) Commercial fishery size composition data were recompiled for all years.
3) Size composition data from the 1982-2005 EBS shelf bottom trawl surveys were recompiled.
4) Size composition data from the 2006 EBS shelf bottom trawl survey were incorporated.

5) The biomass estimate from the 2006 EBS shelf bottom trawl survey was incorporated (the 2006
estimate of 517,698 t was down about 14% from the 2005 estimate).

6) The biomass estimate from the 2006 Al bottom trawl survey was incorporated (the 2006 estimate
0f 92,526 t was down about 19% from the 2004 estimate).

7) Age composition data from the 1994 and 2004-2005 EBS shelf bottom trawl surveys were
incorporated.

8) Length-at-age and weight-at-length data from the 1994 and 2004-2005 EBS shelf bottom trawl
surveys were incorporated.

9) Relative abundance indices and size composition data from the Japanese longline survey (annual
from 1982 through 1994) and the U.S. longline survey (biennial from 1997 through 2005) were
incorporated into some models, but not others.

Changes in the Assessment Model

The model selected last year by the Plan Team and SSC is presented again, basically unchanged except
for updated estimates of parameters governing life history schedules that can be reliably estimated outside
of the stock assessment model (e.g., length-at-age parameters, weight-at-length parameters). In addition,
eight alternative models are presented. Unlike the base model, in which the catchability coefficient for
the EBS shelf bottom trawl survey is fixed at a value of 1.0, the eight alternative models all attempt to
estimate this parameter. The eight alternative models are distinguished from one another via a factorial
design based on the following three questions:

1) Should data from the longline surveys be excluded or included?
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2) Should the selectivity function be of the “double logistic” or “double normal” form?
3) Should the prior distributions receive full (1.0) or partial (0.5) weight in the objective function?

The model recommended by the authors is Model B1, in which the data from the longline surveys are
excluded, the selectivity function is of the “double normal” form, and the prior distributions receive full
weight in the objective function (Model B2, which is the same as Model B1 except with down-weighted
priors, gives very similar results).

Changes in Assessment Results

Free estimation of shelf trawl survey catchability by all of the alternative models (except those
incorporating data from the longline surveys) tended to result in estimates of biomass somewhat higher
than the estimates from last year’s assessment (using the model selected by the Plan Team and SSC).

1) Based on Model B1, the projected 2007 female spawning biomass for the BSAI stock is 307,000
t, up about 10% from last year’s estimate for 2006 and up about 25% from last year’s Fagc
projection for 2007.

2) Based on Model B1, the projected 2007 total age 3+ biomass for the BSAI stock is 960,000 t, up
about 4% from last year’s estimate for 2006.

3) Based on Model B1, the recommended 2007 ABC for the BSAI stock is 176,000 t, down about
9% from the actual 2006 ABC and up about 19% from last year’s Fagc projection for 2007.

4) Based on Model B1, the estimated 2007 OFL for the BSAI stock is 207,000 t, down about 10%
from the actual 2006 OFL and up about 17% from last year’s Fagc projection for 2007.

Responses to Comments from the SSC and Plan Teams

SSC Comments Specific to the Pacific Cod Assessments

From the December, 2005 minutes: “The Bering Sea model in particular suggests very high uncertainty
about the true values of M and Q, and the SSC suggests that the authors try to estimate only one of these
parameters at a time, while leaving the other parameter fixed.” The present assessment includes eight
alternative models in which EBS shelf bottom trawl survey catchability (Q) is estimated. All of the
models leave the natural mortality rate (M) fixed at its traditional value of 0.37.

From the December, 2005 minutes: “The SSC requests a brief update on stock structure of Pacific cod
when new genetic data become available. Although the assessments for the Bering Sea and Gulf of Alaska
have ““converged’ on the same model in this year’s assessment, there is little a priori reason to
emphasize the use of the same model or the same parameter values across regions.” A presentation to
the SSC is planned for the coming year, perhaps as early as February (SSC minutes, October, 2005).

From the December, 2005 minutes: “We endorse the Plan Team’s recommendation to continue work on
size-at-maturity. To reiterate, although we concur that sufficient justification was provided for adopting
the new maturity schedule, there is some concern over the timing (GOA) and location (BSAI) of the
samples that were used for histological examination. For example, maturity data for the BSAI were
obtained only on the spawning grounds and may lead to an underestimation of length-at-maturity if small
mature fish have a higher probability of entering the spawning grounds than immature fish of the same
size.” A three-year study of Pacific cod maturity is currently underway. Results will be reported as soon
as they become available.

From the December, 2005 minutes: “The SSC encourages the authors to explore the use of longer time
series of CPUE in the GOA using ADF&G and IPHC trawl survey data, similar to the GLM approach
used in the GOA pollock assessment.” A preliminary investigation into the possible use of ADF&G
survey data was presented in the 2004 GOA Pacific cod assessment. For this year’s assessment, priority
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for inclusion of additional survey time series was given to the Japanese longline survey and U.S. longline
survey, per Plan Team request (see below).

From the December, 2005 minutes: “In next year’s assessment, the SSC would like to see a summary
table of the overall likelihood of the models that were fit and the contribution to this likelihood of the
various components, similar to tables provided in other assessments.” The table of likelihood component
values (Table 2.17 in last year’s assessment) has been restructured (Table 2.16 in the present assessment)
so as to be more similar to its counterparts in some other assessments.

From the September, 2006 minutes: “The Plan Teams and SSC received a paper on estimating Pacific
cod off-bottom distance from archival tag data that was collected for different purposes. The SSC
encourages continued work along those lines, recognizing that such estimates could prove extremely
valuable for improving survey estimates of abundance and stock assessments.” Work on alternative
methods of estimating survey catchability and selectivity, including the use of archival tag data, will
continue. However, as suggested at the September Plan Team meeting (see Plan Team minutes), it was
not possible to complete the studies based on archival tag data in time for use in the present assessment.

SSC Comments on Assessments in General

From the December, 2005 minutes: ““The SSC appreciates the inclusion of phase-plane diagrams of
relative harvest rate versus biomass, but we recommend standardization of units along the axes in all
chapters to facilitate comparisons across species. The SSC suggests considering a quad plot based on
F/Fss% versus B/Bssw.” Figure 2.10 has been revised per the SSC’s suggestion.

From the December, 2005 minutes: “The SAFEs have been improved overall by expanded sections on
ecosystem considerations to include discussion of predator-prey interactions. To this end, tables and
figures have been added from ECOPATH models. One problem that has arisen is that there is some
confusion about whether the information presented is stomach contents data, output from a single-species
model, or output from an ECOPATH model. Figures and tables should more explicitly describe the
source of the information presented. To avoid confusion between statistically-driven single species
models and manually-adjusted ECOPATH models, the word ““estimate’ should be reserved for output
from single-species models. In the absence of a statistical fitting procedure, outputs from
ECOPATH/ECOSIM models should be referred to as adjusted parameters or just outputs. When
ECOPATH/ECOSIM parameters are assumed to take on particular values, such assumptions should be
stated explicitly. Care should be taken to avoid mixing results from different model structures.” The
present assessment includes an attachment describing recent results from ecosystem models. Special
attention was paid to use of appropriate terminology so as to avoid confusion regarding the sources of the
information presented.

Plan Team Comments

From the September, 2005 minutes: ““The Teams suggested using the longline survey data in the model.”
The present assessment includes four alternative models that use data from the Japanese longline survey
and the U.S. longline survey.

From the November, 2005 minutes: ““For future assessments, the Teams recommend that the authors
present a model where Q is estimated (and/or prior is provided) and M is fixed.”” This recommendation
is similar to one made by the SSC (see above). The present assessment includes eight alternative models
in which EBS shelf bottom trawl survey catchability (Q) is estimated. All of the models leave the natural
mortality rate (M) fixed at its traditional value of 0.37. A prior distribution for Q is specified for all eight
alternative models, but the prior distribution is relaxed in four of those models.

From the November, 2005 minutes: “The Teams recommend exploring estimation of natural mortality
from existing mark-recapture data.” Given the Teams’ suggestion to leave M fixed for the time being
(along with a similar SSC recommendation), this suggestion was not addressed in the present assessment.
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From the November, 2005 minutes: ““In September, the Plan Teams recommended that stock assessment
authors continue to work on incorporating ecosystem assessment information into their chapters as much
as possible, and that the ecosystem modelers also try to work with specific stock assessments each year to
better incorporate the information to the assessments. ... The Teams agreed and noted that the following
priorities for next year might be useful: GOA arrowtooth, Al Pollock, Al Pacific cod.” An attachment to
the present assessment summarizes results from ecosystem models on the role of Pacific cod in the
Eastern Bering Sea and Aleutian Islands ecosystems.

INTRODUCTION

Pacific cod (Gadus macrocephalus) is a transoceanic species, occurring at depths from shoreline to 500
m. The southern limit of the species’ distribution is about 34° N latitude, with a northern limit of about
63° N latitude. Pacific cod is distributed widely over the eastern Bering Sea (EBS) as well as in the
Aleutian Islands (Al) area. The resource in these two areas (BSAI) is managed as a single unit. Tagging
studies (e.g., Shimada and Kimura 1994) have demonstrated significant migration both within and
between the EBS, Al and Gulf of Alaska (GOA). Although at least one previous genetic study (Grant et
al. 1987) failed to show significant evidence of stock structure within these areas, current genetic research
underway at the Alaska Fisheries Science Center may soon shed additional light on the issue of stock
structure of Pacific cod within the BSAI (M. Canino, AFSC, pers. commun.). Pacific cod is not known to
exhibit any special life history characteristics that would require it to be assessed or managed differently
from other groundfish stocks in the EBS or Al areas.

FISHERY

Catches of Pacific cod taken in the EBS, Al, and BSAI for the periods 1964-1980 and 1981-2006 are
shown in Tables 2.1a and 2.1b, 2.2a and 2.2b, and 2.3a and 2.3b, respectively. The catches in Tables
2.1a, 2.2a, and 2.3a are broken down by year and fleet sector (foreign, joint venture, domestic annual
processing), while the catches in Tables 2.1b, 2.2b, and 2.3b are broken down by gear type as well.
During the early 1960s, a Japanese longline fishery harvested BSAI Pacific cod for the frozen fish market.
Beginning in 1964, the Japanese trawl fishery for walleye pollock (Theragra chalcogramma) expanded
and cod became an important bycatch species and an occasional target species when high concentrations
were detected during pollock operations. By the time that the Magnuson Fishery Conservation and
Management Act went into effect in 1977, foreign catches of Pacific cod had consistently been in the
30,000-70,000 t range for a full decade. In 1981, a U.S. domestic trawl fishery and several joint venture
fisheries began operations in the BSAI. The foreign and joint venture sectors dominated catches through
1988, but by 1989 the domestic sector was dominant and by 1991 the foreign and joint venture sectors
had been displaced entirely. Presently, the Pacific cod stock is exploited by a multiple-gear fishery,
including trawl, longline, pot, and jig components. Figure 2.1 shows areas in which sampled hauls or sets
for each of the three main gear types (trawl, longline, and pot) were concentrated during 2005. To create
these figures, the EEZ off Alaska was divided into 20 km x 20 km squares. For each gear type, a square
is shaded if more than two hauls/sets containing Pacific cod were sampled in it during 2005.

The history of acceptable biological catch (ABC) and total allowable catch (TAC) levels is summarized
and compared with the time series of aggregate (i.e., all-gear, combined area) commercial catches in
Table 2.4. From 1980 through 2006, TAC averaged about 78% of ABC, and aggregate commercial catch
averaged about 88% of TAC. In 10 of these 27 years (37%), TAC equaled ABC exactly, and in 5 of these
27 years (19%), catch exceeded TAC (by an average of 4%). Changes in ABC over time are typically
attributable to three factors: 1) changes in resource abundance, 2) changes in management strategy, and
3) changes in the stock assessment model. For example, in the assessments for fishery years 1980
through 2005, seven different assessment models were used (Table 2.4). All assessments from 1993
through 2004 used the Stock Synthesis 1 modeling software with primarily length-based data, albeit with
some changes in model structure from time to time. The assessment was migrated to Stock Synthesis 2
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last year (Thompson and Dorn 2005). Historically, the great majority of the BSAI catch has come from
the EBS area. During the most recent complete five-year period (2001-2005), the EBS accounted for an
average of about 85% of the BSAI catch.

Current regulations specify that the BSAI Pacific cod TAC will be allocated initially according to gear
type as follows: the trawl fishery will be allocated 47%, the fixed gear (longline and pot) fishery will be
allocated 51%, and the jig fishery will be allocated 2%; of the fixed gear allocation, the longline fishery
will be allocated 80.3% (not counting catcher vessels less than 60 ft LOA), the pot fishery will be
allocated 18.3% (not counting catcher vessels less than 60 ft. LOA), and fixed-gear catcher vessels less
than 60 ft. LOA will be allocated 1.4%. Typically, as the harvest year progresses, it becomes apparent
that one or more gear types will be unable to harvest their full allotment(s) by the end of the year. This is
addressed by reallocating TAC between gear types in September of each year. Most often, such
reallocations shift TAC from the trawl, jig, and sometimes pot components of the fishery to the longline
catcher/processors. The longline catcher-processors typically receive 15,000-20,000 t per year through
such transfers.

The catches shown in Tables 2.1b, 2.2b, 2.3b, and 2.4 include estimated discards. Discard rates of Pacific
cod in the various EBS and Al target fisheries are shown for each year 1991-2002 in Table 2.5a and for
each year 2003-2004 in Table 2.5b.

DATA

This section describes data used in the current stock assessment models. It does not attempt to summarize
all available data pertaining to Pacific cod in the BSALI.

Commercial Catch Data

Catch Biomass

Catches (which may not include discards) taken in the EBS for the period 1964-1980 are shown in Table
2.6a and catches (including estimated discards) taken in the EBS for the period 1981-2005 are shown in
Table 2.6b. Catches in these tables are broken down by the three main gear types and intra-annual
periods consisting of the months January-May, June-August, and September-December. This particular
division, which was suggested by participants in the EBS fishery, is intended to reflect actual intra-annual
differences in fleet operation (e.g., fishing operations during the spawning period may be different than at
other times of year). In years for which estimates of the distribution by gear or period were not available,
proxies based on other years’ distributions were used.

Catch Size Composition

Fishery size compositions are presently available, by gear, for at least one gear type in every year from
1974 through the first part of 2006, with the exception of 1976. For ease of representation and analysis,
length frequency data for Pacific cod can usefully be grouped according to the following set of 25
intervals or “bins,” with the upper and lower boundaries shown in cm:

BinNumber: 1 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25

LowerBound: 9 12 15 18 21 24 27 30 33 36 39 42 45 50 55 60 65 70 75 80 85 90 95 100 105
UpperBound: 11 14 17 20 23 26 29 32 35 38 41 44 49 54 59 64 69 74 79 84 89 94 99 104 110

The collections of relative length frequencies are shown by year, period, and size bin for the trawl fishery
in Tables 2.7a, 2.7b, and 2.7c; the longline fishery in Tables 2.8a, 2.8b, and 2.8c; and the pot fishery in
Tables 2.9a and 2.9b. Input sample sizes (N) for the multinomial distribution used in the stock
assessment model are also shown. These are set equal to the square root of the total sample size.
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Survey Data

EBS Shelf Bottom Trawl Survey

The relative size compositions from bottom trawl surveys of the EBS shelf conducted by the Alaska
Fisheries Science Center since 1979 are shown in Tables 2.10a for the years 1979-1981 and 2.10b for the
years 1982-2006, using the same length bins defined above for the commercial catch size compositions.
The survey is shown as two separate time series because of a gear change that was instituted in 1982.
Input sample sizes (N) for the multinomial distribution used in the stock assessment model are also
shown. These are set equal to the square root of the total sample size in years 1982-1987 and 1990-2006.
For other years, N was set equal to 100, approximating the square root of the average average of the 10
known true sample sizes from the years 1986-1997.

Following a decade-long hiatus in production ageing of Pacific cod, the Age and Growth Unit of the
Alaska Fisheries Science Center began ageing samples of Pacific cod from the EBS shelf bottom trawl
surveys a few years ago (Roberson 2001, Roberson et al. 2005). To date, the otolith collections from the
1994 and 1996-2005 surveys have been read. The relative age compositions from these surveys are
shown in Table 2.11. The number of fish aged for each of these years is shown below:

Year: 1994 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
N: 715 252 719 635 860 864 950 947 1360 1040 609

Estimates of total abundance (both in biomass and numbers of fish) obtained from the trawl surveys are
shown in Table 2.12a (1979-1981) and 2.12b (1982-2006), together with the standard errors and upper
and lower 95% confidence intervals (CI) for the biomass estimates. Survey results indicate that biomass
increased steadily from 1978 through 1983, then remained relatively constant from 1983 through 1988.
The highest biomass ever observed by the survey was the 1994 estimate of 1,368,120 t. Following the
high observation in 1994, the survey biomass estimate declined steadily through 1998. The survey
biomass estimates have remained in the 510,000-620,000 t range from 1997 through the present, except
for 2001, when the estimate was 833,626 t. The biomass estimate from 2001 appears likely to be an
overestimate, given the magnitude of the implied increases relative to the 2000 survey (57%) and the fact
that the 2002-2006 estimates were much closer to the preceding estimates. The 2006 estimate was
517,698 t, a 14% drop from the 2005 value and the second lowest estimate in the post-1981 time series.

EBS Slope Bottom Trawl Survey

The Alaska Fisheries Science Center conducted bottom trawl surveys of the EBS slope in 2002 and 2004.
The relative size compositions from these surveys are shown in Table 2.13, using the same length bins
defined above for the commercial catch size compositions. Input sample sizes (N) for the multinomial
distribution used in the stock assessment model are also shown. These are set equal to the square root of
the total sample size. A total of 468 fish were measured in the 2002 survey and a total of 531 fish were
measured in the 2004 survey (note that these sample sizes are only about one-twentieth of the average
sample size from the shelf survey). The biomass estimates and standard errors from the 2002 and 2004
surveys are shown below (all figures are in t):

Year Biomass Standard Error
2002 7511 1944
2004 5756 968

Japanese and U.S. Longline Surveys

The Japanese longline survey was conducted annually from 1982-1994, and the U.S. longline survey has
been conducted in the EBS biennially starting in 1997. These surveys are designed primarily to assess the
abundance of sablefish (Anoplopoma fimbria), but Pacific cod are also captured in these surveys. Pacific
cod size compositions from the Japanese and U.S. longline surveys are shown in Tables 2.14a and 2.14b.

NPFMCBering Seaand AleutianislandsSAFE
Page242



Decembel006 BSAIlPacific Cod

Input sample sizes (N) for the multinomial distribution used in the stock assessment model are also
shown. These are set equal to the square root of the total sample size.

A problem arises in use of the longline survey catch rates as an index of abundance, however, in that most
of the Pacific cod catches take place in the shallowest depth strata, where few sablefish are caught.
Because few sablefish are caught in these strata, appropriate area expansion factors have not been
computed, so the only index of abundance available for Pacific cod is a simple average catch per station.
The time series of average Pacific cod catch (number of fish caught per station) and associated
coefficients of variation are shown for the two surveys in Table 2.15. To make the abundance indices as
meaningful as possible, the averages were computed only for those stations that were successfully
sampled in every year. The numbers of stations that qualify under this criterion are not large. For the
Japanese survey, 32 stations were successfully sampled every year, but only 11 stations were successfully
sampled every year in the U.S. survey.

It should be emphasized that the abundance indices in Table 2.15 are relative indices at best. The
Japanese survey in particular shows an enormous degree of year-to-year variability. Of the 12 year-to-
year changes present in the Japanese time series, there were two one-year increases of well over 200%
(i.e., the index more than tripled) and two other annual changes showed decreases of more than 50%.

Aleutian Bottom Trawl Survey

Biomass estimates for the Aleutian Islands region were derived from U.S.-Japan cooperative bottom trawl
surveys conducted during the summers of 1980, 1983, and 1986, and by U.S. bottom trawl surveys of the
same area in 1991, 1994, 1997, 2000, 2002, 2004, and 2006. These surveys covered both the Aleutian
management area (170 degrees east to 170 degrees west) and a portion of the Bering Sea management
area (“Southern Bering Sea”) not covered by the EBS shelf bottom trawl surveys. The time series of
biomass estimates from the overall Aleutian survey area are shown together with their sum below (all
figures are in t):

Year  Survey Type Aleutian Survey Area

1980 U.S.-Japan 148,272
1983 U.S.-Japan 215,755
1986 U.S.-Japan 255,072
1991 U.S. 191,049
1994 U.S. 184,068
1997 U.S. 83,416
2000 U.S. 136,028
2002 U.S. 82,970
2004 U.S. 114,161
2006 U.S. 92,526

For many years, the assessments of Pacific cod in the BSAI used a weighted average formed from EBS
and Aleutian survey biomass estimates to provide a conversion factor which was used to translate model
projections of EBS catch and biomass into BSAI equivalents. Prior to the 2004 assessment, the weighted
average was based on the sums of the biomass estimates from the EBS shelf and Al survey biomass time
series. However, in December of 2003 the SSC requested that alternative methods of estimating relative
biomass between the EBS and Al be explored. Following a presentation of some possible alternatives,
the SSC recommended that an approach based on a simple Kalman filter be used (SSC Minutes, October,
2004). Applying the Kalman filter approach to the updated (through 2006) time series indicates that the
best estimate of the current biomass distribution is 84% EBS and 16% Al (the previous proportions were
85% and 15%, respectively). Because the 83-112 net (with no roller gear) used in the EBS survey
generally tends the bottom better than the polyethylene Noreastern net (with roller gear) used in the Al
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survey, this ratio should tend to err on the conservative side (that is, the Al survey would be expected to
miss more fish than the EBS survey, so the true portion in the Al should be higher than the ratio of the Al
to AI+EBS survey estimates).

ANALYTIC APPROACH

Model Structure

History of Model Structures Developed Under Stock Synthesis 1 and 2

Beginning with the 1993 SAFE report (Thompson and Methot 1993) and continuing through the 2004
SAFE report (Thompson and Dorn 2004), a model using the Stock Synthesis 1 (SS1) assessment program
(Methot 1986, 1990, 1998, 2000) and based largely on length-structured data formed the primary
analytical tool used to assess the EBS Pacific cod stock. It should be emphasized that the model has
always been intended to assess only the EBS portion of the BSAI stock. Conversion of model estimates
of EBS biomass and catch to BSAI equivalents has traditionally been accomplished by application of an
expansion factor based on the relative survey biomasses between the EBS and Al

SS1 is a program that used the parameters of a set of equations governing the assumed dynamics of the
stock (the “model parameters™) as surrogates for the parameters of statistical distributions from which the
data are assumed to be drawn (the “distribution parameters”), and varies the model parameters
systematically in the direction of increasing likelihood until a maximum is reached. The overall
likelihood is the product of the likelihoods for each of the model components. In part because the overall
likelihood can be a very small number, SS1 uses the logarithm of the likelihood as the objective function.
Each likelihood component is associated with a set of data assumed to be drawn from statistical
distributions of the same general form (e.g., multinomial, lognormal, etc.). Typically, likelihood
components are associated with data sets such as catch size (or age) composition, survey size (or age)
composition, and survey biomass (either relative or absolute).

SS1 permits each data time series to be divided into multiple segments, resulting in a separate set of
parameter estimates for each segment. The EBS Pacific cod assessments, for example, have usually
divided the shelf bottom trawl survey size composition time series into pre-1982 and post-1981 segments
to account for the effects of a change in the trawl survey gear instituted in 1982. Also, to account for
possible differences in selectivity between the mostly foreign (also joint venture) and mostly domestic
fisheries, the fishery size composition time series have traditionally been split into pre-1989 and post-
1988 segments.

In the EBS Pacific cod model, each year has traditionally been partitioned into three seasons: January-
May, June-August, and September-December (these seasonal boundaries were suggested by industry
participants). Four fisheries have traditionally been defined: The January-May trawl fishery, the June-
December trawl fishery, the longline fishery, and the pot fishery.

Following a series of modifications from 1993 through 1997, the base model for EBS Pacific cod
remained completely unchanged from 1997 through 2001. During the late 1990s, a number of attempts
were made to estimate the natural mortality rate M and the shelf bottom trawl survey catchability
coefficient Q, but these were not particularly successful and the Plan Team and SSC always opted to
retain the base model in which M and Q were fixed at their traditional values of 0.37 and 1.0,
respectively.

A minor modification of the base model was suggested by the SSC in 2001, namely, that consideration be
given to dividing the domestic era into pre-2000 and post-1999 segments. This modification was tested in
the 2002 assessment (Thompson and Dorn 2002), where it was found to result in a statistically significant
improvement in the model’s ability to fit the data. In the 2004 assessment (Thompson and Dorn 2004),
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further modifications were made to the base model. The 2004 model included a set of selectivity
parameters for the EBS slope bottom trawl survey and added new likelihood components for the age
compositions and length-at-age data from the 1998-2003 EBS shelf bottom trawl surveys and the size
composition and biomass data from the 2002 and 2004 EBS slope bottom trawl surveys. Incorporation of
age data and slope survey data had been suggested by the SSC (SSC minutes, December 2003).

A major change took place in the 2005 assessment (Thompson and Dorn 2005), as the model was
migrated to the newly developed Stock Synthesis 2 (SS2) program, which makes use of the ADMB
modeling architecture (Fournier 2005) currently used in most age-structured assessments of BSAI and
GOA groundfish. The move to SS2 facilitated improved estimation of model parameters as well as
statistical characterization of the uncertainty associated with parameter estimates and derived quantities
such as spawning biomass. Three alternative models were presented in the 2005 assessment. Model 1
was identical to the SS1-based model used in the 2004 assessment. Model 2 was very similar to Model 1,
but was explicitly Bayesian (i.e., prior distributions were specified for all model parameters) and it was
configured under SS2 rather than SS1. Model 3 was similar to Model 2, except that values of the shelf
bottom trawl survey catchability coefficient Q and the natural mortality rate M were estimated rather than
fixed at the traditional values of 1.0 and 0.37, respectively. The Plan Team and SSC both chose Model 2,
feeling that moving from fixed values of Q and M to estimated values for both those parameters at the
same time was too big a step. (It should be noted that fixing Q is not the same as fixing the entire
selectivity schedule, as selectivity parameters are still typically estimated even when Q is fixed.
However, fixing Q at a particular value will usually influence the values of the estimated selectivity
parameters.)

Current Issues in Model Structure

Estimation of EBS Shelf Bottom Trawl Survey Catchability

The SSC has requested that the 2006 assessment focus on estimating either Q or M (not both) while
leaving the other parameter fixed at its traditional value of 1.0 or 0.37, respectively (SSC minutes,
December, 2005). The Plan Team was more explicit in its recommendation, suggesting that the 2006
assessment focus on estimating Q while leaving M fixed at its traditional value (Plan Team minutes,
November, 2005).

Estimates of the selectivity schedule for the EBS shelf bottom trawl survey obtained in previous BSAI
Pacific cod assessments have often tended to show a pronounced “kink,” with survey selectivity
increasing rapidly from a low value for the smallest fish up to a peak at some intermediate length, then
decreasing rapidly as length increased further. It has been conjectured that this behavior was a result of
fixing Q at an artificially high level, thereby forcing a sharp kink in the selectivity curve so that, overall,
the product of catchability and selectivity is approximately correct.

Although direct experimental evidence (as opposed to the types of indirect evidence coming from length
compositions, age compositions, and abundance indices used in stock assessments) pertaining to the value
of Q for Pacific cod in the EBS shelf bottom trawl survey is becoming more available, it is still
insufficient to enable estimation of this parameter outside the context of a full stock assessment model.
Two types of direct experimental evidence are available: results of studies pertaining specifically to
Pacific cod, and results of studies pertaining to closely related species.

Available experimental evidence regarding the value of Q for Pacific cod in the EBS shelf bottom trawl
survey includes the following: Munro and Somerton (2002) and Weinberg et al. (2002) showed that
Pacific cod within the path of the net do not tend to escape under the footrope. Somerton (2004) showed
that Pacific cod neither tend to escape around the sides of the net nor tend to be herded into the net by the
doors. Von Szalay and Somerton (2005) showed that catch efficiency of Pacific cod decreased with
increases in net spread and presumed decreases in net height, leaving open the possibility that some fish
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occur in the water column above the headrope or are initially within the path of the net but escape over
the headrope. Recently, Nichol et al. (unpubl. manuscr.) and Thompson and Nichol (unpubl. manuscr.)
proposed methods for estimating the vertical distribution of Pacific cod relative to the bottom based on
archival tag data. However, neither of these studies has been completed.

Available experimental evidence from closely related species includes the following: Winger et al.
(2000) showed that catchability of Atlantic cod (Gadus morhua) may be highly sensitive to changes in
towing speed. If the same holds true for Pacific cod, it is possible that some fish may be out-swimming
the trawl survey net. Handegard et al. (2003) and Handegard and Tjostheim (2005) showed that some
other gadids, including Atlantic cod, may tend to dive as a behavioral response to an approaching vessel
or net, meaning that even a highly accurate estimate of “typical” vertical distribution may provide a
biased picture of catchability.

Not only is the available experimental evidence regarding survey catchability of Pacific cod less than
conclusive in some respects, the results of existing studies tend to obscure the distinction between age- or
size-specific selectivity (a measure of how relative susceptibility to capture differs with age or size) and
overall catchability (a measure of absolute susceptibility to capture for the most-selected age or size).

In summary, considering the indirect evidence from past stock assessments along with the available direct
evidence from field experiments, it seems that enough uncertainty about the true value of Q exists to
warrant exploration of the possibility that Q does not equal the traditional value of 1.0.

Use of Longline Survey Data

For many years, data from the Japanese longline survey and U.S. longline survey have been a primary
input to the BSAI and GOA assessments of sablefish. In 2005, the Plan Teams suggested using data from
the longline surveys in the Pacific cod assessments as well (Plan Team minutes, September, 2005). There
are some issues involved with use of the Pacific cod data from these surveys, as discussed under “Data”
above. Nevertheless, relative abundance estimates (though not expanded by area) and size composition
data are available annually from the Japanese longline survey from 1982 through 1994 and biennially
from the U.S. longline survey from 1997 through 2005.

Functional Form of the Selectivity Curve

Several options are included in SS2 for specifying the functional form of the selectivity curve. The most
flexible and commonly used of these is the “double logistic” function, which the BSAI Pacific cod
assessments have used ever since the first length-based SS1 version of the assessment in 1993 (Thompson
and Methot 1993). This function has grown increasingly complicated over the years, starting from a four-
parameter form in its original incarnation in SS1 and evolving to an eight-parameter form as currently
implemented in SS2. The double logistic function consists of a pair of scaled logistic curves joined by a
horizontal linear segment. The first (ascending) logistic curve begins at the minimum length specified in
the data file (9 cm in the case of the EBS Pacific cod model), where the selectivity is less than 1.0, and
ends at some intermediate length, where selectivity is exactly 1.0. A horizontal linear segment extends
from the right-hand end of the first logistic to the left-hand end of the second logistic. Selectivity equals
1.0 throughout this linear segment. The second (descending) logistic curve begins at the end of the
horizontal linear segment, where selectivity is still exactly 1.0, and ends at the maximum length specified
in the data file (110 cm in the case of the EBS Pacific cod model), where the selectivity is less than 1.0.
Eight parameters are used to define the double logistic selectivity function: the size at which selectivity
first reaches a value of 1.0 (peak location), the selectivity at the minimum length represented in the data
(S(Lmin)), the logit transform of the size corresponding to the inflection of the ascending logistic curve
(logit(infl1)), the relative slope of the ascending logistic curve (slopel), the logit transform of the size
corresponding to the inflection of the descending logistic curve (logit(infl2)), the relative slope of the
descending logistic curve (slope2), the logit transform of the selectivity at the maximum length
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represented in the data (logit(S(Lmax))), and the width of the length range at which selectivity equals 1.0
(peak width).

Another option provided by SS2 for the functional form of the selectivity curve is the “double normal”
function, which involves a pair of curves reminiscent of the left and right halves of a pair of normal
probability density functions joined by a horizontal linear segment. Like the double logistic function, the
double normal function involves an ascending curve that reaches a maximum value of 1.0 at some point
(peak location), a horizontal linear segment extending for some distance (peak width), and a descending
curve that begins at the end of the horizontal linear segment. Contrasted with the double logistic function,
the double normal function is simpler but less flexible, in that a single parameter defines the shape of the
ascending curve and a single parameter defines the shape of the descending curve (as opposed to three
parameters apiece in the double logistic). The parameters governing the shapes of the ascending and
descending curves in the double normal are the log variances (Invarl and Invar2, respectively) of the
associated normal curves. Using the ascending curve as an example, selectivity at length len is given by:

(len — peak Iocation)z]

S(len) eXp( exp(Invarl)

Estimating or otherwise specifying eight parameters for each selectivity function (there are either 14 or 16
selectivity functions in the Pacific cod model, depending on whether the longline survey data are
excluded or included), as required by use of the double logistic function, is a challenging undertaking, and
it is worth exploring the possibility that a simpler functional form may not change the point estimates of
the most important model outputs appreciably but may make those estimates less uncertain.

Prior Distributions

Because SS2 is explicitly cast in a Bayesian framework, specification of a prior distribution is required
for each parameter. Of course, a noninformative prior can be chosen for any or all parameters if so
desired. However, use of informative priors is probably appropriate for at least some of the parameters in
the EBS Pacific cod model, because both the Plan Team and the SSC have indicated in the past that
certain values, or ranges of values, for various parameters are either relatively likely or unlikely. For
example, the Plan Team has expressed concern that the estimates of large-fish selectivity in the EBS shelf
bottom trawl survey obtained in many previous assessments may be too low (Plan Team minutes,
November 2004). By utilizing a Bayesian framework, SS2 provides a logical means of integrating
perspectives such as these into the stock assessment model. Use of informative priors can also help to
stabilize parameter estimates.

Last year’s assessment contained a thorough description of the prior distributions used, but the sensitivity
of the results to those distributions was not made explicit in the SAFE report. One way to make such
sensitivity more explicit would be to include model runs in which the contribution of the prior
distributions to the overall objective function is downweighted.

Model Structures Considered in This Year’s Assessment

This year’s BSAI Pacific cod assessment includes nine alternative models for the EBS portion of the
stock. Model 0, the base model, is the same as the model selected last year by the Plan Teams and SSC.
In addition to the base model, eight other models are presented as possible alternatives. All models,
including the base model and the eight alternatives, use the latest estimates of parameters governing the
length-at-age and weight-at-length relationships, as well as the latest estimates of parameters governing
variability in length at age and variability in estimated age (ageing error). Parameters governing the
maturity-at-length schedule have not changed since last year. The eight alternative models differ from the
base model in various respects, but two of these differences are consistent across all of the alternative
models:
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1) In all of the alternative models, catchability of the EBS shelf bottom trawl survey is estimated,
rather than assumed to equal 1.0 as in the base model. Separate catchability coefficients are
estimated for the pre-1982 and post-1981 portions of the time series because of a change in the
survey gear instituted in 1982.

2) In all of the alternative models, all selectivity parameters are estimated, except that S(Lmin) in
models using the double logistic selectivity function is set equal to 0.001 for all gear types other
than the EBS shelf bottom trawl surveys (S(Lmin) is estimated for the EBS shelf bottom trawl
surveys). Last year, it was not possible to estimate all remaining selectivity parameters
statistically in the model chosen by the Plan Team and SSC, so the value of each peak location
parameter in that model was chosen by other methods. The same (fixed) peak location values are
used in this year’s base model, but not the alternative models.

Although the eight alternative models share the above pair of features in common, they are distinguished
from one another via a factorial design based on the following three questions:

1) Should data from the longline surveys be excluded or included?
2) Should the selectivity function be of the “double logistic” or “double normal” form?
3) Should the prior distributions receive full (1.0) or partial (0.5) weight in the objective function?

The eight alternative models address all possible combinations of answers to the above as follow:

Model Longline survey data Selectivity function Prior weight
Model Al Exclude Double logistic 1.0
Model A2 Exclude Double logistic 0.5
Model B1 Exclude Double normal 1.0
Model B2 Exclude Double normal 0.5
Model C1 Include Double logistic 1.0
Model C2 Include Double logistic 0.5
Model D1 Include Double normal 1.0
Model D2 Include Double normal 0.5

Parameters Estimated Independently

Natural Mortality

In the 1993 BSAI Pacific cod assessment (Thompson and Methot 1993), the natural mortality rate M was
estimated using SS1 at a value of 0.37. Although attempts have been made to re-estimate M in some
years (during the late 1990s and, most recently, in the 2005 assessment (Thompson and Dorn 2005)), all
models of the BSAI Pacific cod stock accepted by the Plan Team and SSC since 1993 have ultimately
retained a value of 0.37 for M, as have all subsequent assessments of the GOA Pacific cod stock (with one
exception, in 1995). Other published estimates of M for Pacific cod are shown below:
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Area Author Year Value
Eastern Bering Sea  Low 1974 0.30-0.45
Wespestad et al. 1982 0.70

Bakkala and Wespestad 1985 0.45
Thompson and Shimada 1990 0.29

Thompson and Methot 1993 0.37
Gulf of Alaska Thompson and Zenger 1993 0.27

Thompson and Zenger 1995 0.50
British Columbia Ketchen 1964 0.83-0.99

Fournier 1983 0.65

All models in the present assessment fix M at the traditional value of 0.37.

Trawl Survey Catchability

In Model 0, catchability for the EBS shelf bottom trawl survey is fixed at a value of 1.0 for both the pre-
1982 and post-1981 portions of the time series. In all other models, these parameters are estimated freely
and separately for both portions of the time series.

Length at Age

Parameters of the Brody growth equation, as formulated in SS2, were re-estimated this year based on all
available data. The curve described by the updated parameter values is close to last year’s curve. The
new parameter values are: length at 1 year = 11.1 cm, length at 12 years = 93.3 cm, and Brody’s growth
coefficient K=10.113.

Variability in Length at Age

The method for estimating variability in length at age was substantially improved this year by developing
a formal statistical model based on SS2’s required assumption that the coefficient of variation in length at
age is a linear function of mean length at age. A lognormal distribution of lengths at age was assumed.
The new parameter estimates are: CV at age 1 =0.16, CV at age 13 = 0.065.

Variability in Estimated Age

Variability in estimated age in SS2 is based on the standard deviation of estimated age. Weighted least
squares regression was used in the 2005 assessment (Thompson and Dorn 2005) to estimate a
proportional relationship between standard deviation and age. The regression was re-run this year based
on all available data. The new relationship is close to last year’s. The new estimated proportionality is
0.103 (i.e, the standard deviation of estimated age was modeled as 0.103 x age).

Weight at Length

Parameters governing the allometric relationship between weight (kg) and length (cm) were re-estimated
this year by log-log regression from the same data used to estimate the parameters of the length-at-age
relationship. The curve described by the updated parameter values is close to last year’s curve. The new
parameter values are: multiplicative constant = 3.86 x 10, and exponent = 3.266.

Maturity at Length

A detailed history and evaluation of parameter values used to describe maturity at length for BSAI Pacific
cod was presented in the 2005 assessment (Thompson and Dorn 2005). The parameters used in last
year’s assessment, based on a study by Stark (2005), were as follows: length at 50% maturity = 58 cm
and slope of linearized logistic equation = -0.132. The same parameter values are used for all models in
this year’s assessment.
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Parameters Estimated Conditionally

Parameters estimated conditionally (i.e., within individual SS2 runs, based on the data and the parameters
estimated independently) by all nine models consist of the following:

1) log-scale mean recruitment for the post-1976 environmental regime

2) annual log-scale recruitment deviations

3) EBS slope bottom trawl survey catchability

4) initial fishing mortality rates (the population is assumed to be in equilibrium in 1964)

Estimation of catchability coefficients for surveys other than the EBS slope bottom trawl survey varies by
survey as follows:

1) Pre-1982 EBS shelf bottom trawl survey catchability: all models except Model 0
2) Post-1981 EBS shelf bottom trawl survey catchability: all models except Model 0
3) Japanese longline survey catchability: Models C1, C2, D1, and D2 only

4) U.S. longline survey catchability: Models C1, C2, D1, and D2 only

Recall that all models consider three bottom trawl surveys (pre-1982 shelf trawl survey, post-1981 shelf
trawl survey, slope trawl survey) and a total of 11 gear- and era-specific fisheries (four gears, consisting
of the January-May trawl fishery, June-December trawl fishery, longline fishery, and pot fishery; and
three eras, consisting of the years 1964-1988, 1989-1999, and 2000-2006, except that there was no
significant pot fishery during the 1964-1988 era). In addition, Models C1, C2, D1, and D2 consider two
longline surveys (Japan and U.S.). The total number of selectivity parameters estimated conditionally
therefore varies by model as follows:
1) Model 0 uses the 8-parameter double logistic function to describe selectivity for 3 surveys and 11
fisheries, which would total 112 selectivity parameters, except that S(Lmin) is fixed at a value of
0.001 for the slope trawl survey and all fisheries and peak location is fixed at various values for
all surveys and fisheries, bringing the total of estimated selectivity parameters down to 86.

2) Models Al and A2 use the 8-parameter double logistic function to describe selectivity for 3
surveys and 11 fisheries, which would total 112 selectivity parameters, except that that S(Lmin) is
fixed at a value of 0.001 for the slope trawl survey and all fisheries, bringing the total of
estimated selectivity parameters down to 100.

3) Models B1 and B2 use the 4-parameter double normal function to describe selectivity for 3
surveys and 11 fisheries, with no parameters fixed, giving a total of 56 estimated selectivity
parameters.

4) Models C1 and C2 use the 8-parameter double logistic function to describe selectivity for 5
surveys and 11 fisheries, which would total 128 selectivity parameters, except that that S(Lmin) is
fixed at a value of 0.001 for the slope trawl survey, the Japanese and U.S. longline surveys, and
all fisheries, bringing the total of estimated selectivity parameters down to 114.

5) Models D1 and D2 use the 4-parameter double normal function to describe selectivity for 5
surveys and 11 fisheries, with no parameters fixed, giving a total of 64 estimated selectivity
parameters.

For all parameters estimated within individual SS2 runs, the estimator used is the mode of the logarithm
of the joint posterior distribution, which is in turn calculated as the sum of the logarithms of the
parameter-specific prior distributions (see below) and the logarithm of the likelihood function.

In addition to the above, there are two other sets of parameters that are estimated conditionally, but not in
the same sense as the above parameters. The first of these is the full set of year-, season-, and gear-
specific fishing mortality rates. The fishing mortality rates are determined exactly rather than estimated
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statistically because SS2 assumes that the input total catch data are true values rather than estimates, so
the fishing mortality rates can be computed algebraically given the other parameter values and the input
catch data.

The second set of parameters that is estimated conditionally, but in a manner different from the other
parameters, consists of two parameters that help to describe the distribution of individual recruitments.
These are estimated iteratively (i.e., between SS2 runs rather than within an individual SS2 run). In SS2,
log-scale recruitment is modeled in terms of a mean, a standard deviation (oR), and annual deviations
from the mean. The parameters are automatically scaled so that the average annual deviation from the
mean is zero. A problem arises, however, in attempting to model the effects of the major environmental
regime shift that occurred in 1977 (e.g., Hare and Mantua 2000), because the available information
indicates strongly that year classes of Pacific cod were much smaller (in magnitude) during the pre-1977
regime than during the post-1976 regime. Establishing different pre-1977 and post-1976 log-scale means
is easily accomplished in SS2 by creating a regime shift “dummy variable” for each year in the time series
and estimating a link between mean log-scale recruitment and the dummy variable. However, ok cannot
be linked to the dummy variable in SS2. This implies that the mean recruitment deviation for each
portion of the time series (pre-1977 and post-1976) will not necessarily equal zero, even though SS2
forces the mean recruitment deviation for the overall time series to equal zero. This, in turn, implies that
the estimates of the pre- and post-regime shift means will be confounded with the estimate of og.

To resolve the problem of confounding between the estimates of the pre-1977 and post-1976 recruitment
log-scale means with the estimate of o, the following iterative algorithm was adopted in last year’s
assessment (Thompson and Dorn 2005) and retained this year to implement the 1977 environmental
regime shift in SS2:

1) Candidate values for the pre-1977 log-scale mean and ok were chosen.

2) SS2 was allowed to estimate the post-1976 log-scale mean and the recruitment deviations for the
entire time series (deviations are expressed as the difference between the logarithm of annual
recruitment at age 0 and the log-scale mean for the respective environmental regime), conditional
on the candidate values for the pre-1977 log-scale mean and og.

3) The mean of the estimated pre-1977 recruitment deviations and the standard deviation of the
entire time series of recruitment deviations were computed.

4) If the absolute value of the mean computed in Step 3 was less than 0.005 and the standard
deviation computed in Step 3 was equal to og within three significant digits, the candidate values
were determined to be the final estimates. If either of these conditions did not hold, the candidate
value for the pre-1977 log-scale mean was set equal to the old value plus the mean computed in
Step 3, the candidate value for og was set equal to the standard deviation computed in Step 3, and
the process returned to Step 2. (Occasionally, the change in candidate values between iterations
deviated slightly from this algorithm if the prescribed changes seemed to small or too large.)

The above algorithm was tested many times under different initial candidate values and consistently
returned the same final estimates, so long as the initial candidate values were feasible. It should also be
noted that the path to convergence was not always smooth or rapid.

Prior Distributions

If an informative prior distribution was placed on a parameter, it is described in the following paragraphs
(all distributions are normal). If a particular parameter is not listed, it is because a noninformative prior
(i.e., a normal distribution with a very large variance) was used. Except for the prior distribution for shelf
bottom trawl survey catchability, all priors are identical to those used in last year’s assessment
(Thompson and Dorn 2005).
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Parameters with priors based on a specified coefficient of variation (CV)

Log shelf bottom trawl survey catchability In(Q): A mean of zero and a standard deviation of 0.294 were
specified, corresponding to a lognormal prior distribution on Q with a mean of 1.0 and a CV of 30%,
corresponding to the mean and CV used to specify a prior distribution for Q during the late 1990s.

Initial fishing mortality: The mean was set at 0.1, reflecting the conventional wisdom that the stock was
lightly exploited during the 1960s. The standard deviation was set at 0.03, corresponding to a CV of
30%.

Double logistic selectivity parameter S(Lmin): For the EBS slope bottom trawl survey, the Japanese and
U.S. longline surveys, and all commercial fisheries, this was not an estimated parameter, but was set at a
fixed value of 0.001. This choice was based on the fact that almost no fish in the sub-18 cm range are
taken by these gears and because preliminary model runs invariably resulted in this parameter being
bound at whatever minimum value was specified. For the EBS shelf bottom trawl surveys, the prior
distribution was assigned a mean of 0.2 and a standard deviation of 0.06, corresponding to a 30% CV. In
contrast to the commercial fisheries, 12% of the average shelf bottom trawl survey size composition since
2000 has consisted of fish smaller than 18 cm.

Double logistic selectivity parameters slopel and slope2: These two parameters had identical priors, with
the mean set at 0.2 and the standard deviation set at 0.06, corresponding to a 30% CV. The choice of
mean was based on a subjective examination of the shape of the selectivity curve under different values of
these parameters.

Double logistic selectivity parameter peak width: The mean was set at 10 and the standard deviation was
set at 3, corresponding to a 30% CV. The choice of mean was based on a subjective examination of the
shape of the selectivity curve under different values of this parameter, in addition to results from
preliminary model runs which, for the double logistic form at least, indicated that values much higher
than 10 tended to cause the model to get “stuck.” Although the peak width parameter is also used in the
double normal functional form, an informative prior was not specified when the parameter was used in
that context.

Parameters with priors based on one or both endpoints of the 98% confidence interval

Double logistic selectivity parameters logit(infl1) and logit(infl2): These two parameters had identical
priors, with the mean set at 0 and the standard deviation set at 0.944. The mean corresponds to an
inflection point located midway between Lmin and peak location, in the case of infl1, or between peak
location + peak width and Lmayx, in the case of infl2. The mean and standard deviation together imply a
98% confidence interval extending from 10% to 90% of the difference between Lmin and peak location,
in the case of infl1, or between peak location + peak width and Lmax, in the case of infl2. The choice of
mean was based on a subjective examination of the shape of the selectivity curve under different values of
these parameters.

Double logistic selectivity parameter logit(S(Lmax)): The mean was set at 2.197 and the standard
deviation was set at 0.944. The mean corresponds to a selectivity of 0.9 at Lmax. The mean and standard
deviation together imply a 1% chance of selectivity at Lmax being less than 0.5. These parameter values
were chosen in part to reflect the Plan Team’s belief that selectivity of large fish in the bottom trawl
survey should be fairly high.

Parameters with priors based on the data

Selectivity parameter peak location (used in both the double logistic and double normal functional forms):
The mean and standard deviation were set individually for each selectivity curve by identifying the length
associated with the maximum frequency in each length frequency record, then computing the mean and
standard deviation (weighted by the square root of sample size) for each respective gear type and portion
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of the time series. This was done in order to give the model a reasonable starting value and place
reasonable constraints on peak location, a parameter which is typically very difficult to estimate.
Extensive testing during the 2005 assessment (Thompson and Dorn 2005) indicated that the value of this
parameter can be quite important in determining model results and that free estimation (with a reasonably
strong prior) was much more likely to find an optimal value than profiling manually over the range of
possible integer values, especially considering the practical difficulty of manually tuning 14-16 such
parameters (one peak location for each selectivity curve) at the same time. The resulting means (cm) and
standard deviations (cm) for peak location in each of the potential 16 selectivity curves were as follow:

Fishery/Survey Years Mean Std. Dev.
Jan-May Trawl Fishery 1964-1988 60.7 9.4
Jan-May Trawl Fishery 1989-1999 58.9 10.6
Jan-May Trawl Fishery 2000-2006 64.1 26.8
Jul-Dec Trawl Fishery 1964-1988 61.5 9.2
Jul-Dec Trawl Fishery 1989-1999 62.7 12.7
Jul-Dec Trawl Fishery 2000-2006 60.6 10.2
Longline Fishery 1964-1988 63.4 6.4
Longline Fishery 1989-1999 62.6 4.6
Longline Fishery 2000-2006 59.2 32
Pot Fishery 1989-1999 63.9 4.3
Pot Fishery 2000-2006 61.2 32
Shelf Bottom Trawl Survey 1979-1981 41.7 6.9
Shelf Bottom Trawl Survey 1982-2006 354 11.8
Slope Bottom Trawl Survey 2002-2004 55.1 5.0
Japanese Longline Survey 1982-1994 64.2 4.3
U.S. Longline Survey 1997-2005 62.9 2.5

Likelihood Components

Likelihood components included in all nine models were of five types: size composition, age
composition, survey abundance, mean size at age, and recruitment deviations. All nine models included
at least seven size composition components in the likelihood: one each for the January-May trawl fishery,
the June-December trawl fishery, the longline fishery, the pot fishery, the pre-1982 shelf trawl survey, the
post-1981 shelf trawl survey, the slope trawl survey. In addition, Models C1, C2, D1, and D2 included
size composition components for the Japanese longline survey and the U.S. longline survey. Only one
age composition component and one size-at-age component appear in the likelihood, because all age data
currently come from the post-1982 shelf trawl survey. All nine models included at least three survey
abundance components in the likelihood: one each for the pre-1982 shelf trawl survey, the post-1981
shelf trawl survey, and the slope trawl survey. In addition, Models C1, C2, D1, and D2 included survey
abundance components for the Japanese longline survey and the U.S. longline survey.

In SS2, emphasis factors are specified to determine which likelihood components receive the greatest
attention during the parameter estimation process. The prior distributions are also assigned an emphasis.
As in previous assessments, each likelihood component in each model was given an emphasis of 1.0 in
the present assessment. The prior distributions were given an emphasis of 1.0 in Models 0, A1, B1, C1,
and D1 and an emphasis of 0.5 in Models A2, B2, C2, and D2.

Use of Size Composition Data in Parameter Estimation

Size composition data are assumed to be drawn from a multinomial distribution specific to a particular
year, gear/fishery, and time period within the year. In the parameter estimation process, SS2 weights a
given size composition observation (i.e., the size frequency distribution observed in a given year,
gear/fishery, and period) according to the emphasis associated with the respective likelihood component
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and the sample size specified for the multinomial distribution from which the data are assumed to be
drawn. In developing the model upon which SS1 was originally based, Fournier and Archibald (1982)
suggested truncating the multinomial sample size at a value of 400 in order to compensate for
contingencies which cause the sampling process to depart from the process that gives rise to the
multinomial distribution. As in previous assessments, the present assessment uses a multinomial sample
size equal to the square root of the true length sample size, rather than the true length sample size itself.
Given the true length sample sizes observed in the EBS Pacific cod data, this procedure tends to give
values somewhat below 400 while still providing SS2 with usable information regarding the appropriate
effort to devote to fitting individual length samples. Multinomial length sample sizes derived by this
procedure for the commercial fishery size compositions are shown in Tables 2.7-2.9, for the shelf bottom
trawl surveys in Tables 2.10a and 2.10b, for the slope bottom trawl survey in Table 2.13, for the Japanese
longline survey in Table 2.14a, and for the U.S. longline survey in Table 2.14b.

Use of Age Composition Data in Parameter Estimation

Like the size composition data, the age composition data are assumed to be drawn from a multinomial
distribution specific to a particular year, gear/fishery (in this case, the EBS shelf bottom trawl survey),
and time period within the year (in this case, the June-August period). However, selection of an
appropriate input sample size is more complicated for age composition data than for length composition
data, because age composition data are generated not only from the set of otolith readings but from the
estimated size composition as well. Therefore, even if a square root transformation is appropriate for size
composition data, taking the square root of the number of otoliths read may underestimate the weight that
should be given to the age composition data. The 2004 assessment (Thompson and Dorn 2004)
introduced a method for setting an input sample size appropriate to age composition, a method which has
been retained since. The steps are as follow:

1)

2)

3)

4)

Year

The proportions of age at length are assumed to be approximately multivariate normally
distributed, with a variance-covariance matrix determined by the matrix of proportions and the
number of otoliths actually read at each length. A set of 10,000 random age-length keys was then
simulated.

Survey numbers at each length are assumed to be approximately lognormally distributed with a
mean equal to the point estimate and for that length and a constant (across lengths) coefficient of
variation (CV) equal to the amount that sets the sum of the variances in numbers at length equal
to the variance of the survey estimate of population size. A set 10,000 of random numbers-at-
length distributions was then simulated.

For each combination of randomly simulated age-key and numbers-at-length distribution, an
effective sample size was computed.

The input sample size was set equal to the harmonic mean of the distribution of randomly
simulated effective sample sizes, based on the asymptotic equivalence of these two quantities.
The following table was thereby obtained for the age composition data (the last row shows the
values used as input sample sizes):

1994 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Number of fish aged: 715 252 719 635 860 864 950 947 1360 1040 609
Sqrt. of no, fish aged: 27 16 27 25 29 29 31 31 37 32 25
CV of nos. at length:  0.78 093 1.12 0.51 060 0.63 063 0.65 087 0.64 1.06
Harmonic mean: 67 43 47 107 131 136 111 108 77 157 53

Note that this procedure gives an input sample size larger than would be achieved simply by taking the
square root of the number of fish aged (third row in the above table). This reflects the added precision
achieved by use of both age-at-length and numbers-at-length data in constructing a numbers-at-age
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estimate. To avoid double counting of the same data, all nine models ignore length composition data
from the EBS shelf bottom trawl surveys in years where age data are available.

It may be noted that all but one of the harmonic mean effective sample sizes computed above is smaller
than the sample sizes obtained for the corresponding length compositions using the square root method in
the preceding subsection, suggesting that the two methods of computing sample sizes are not entirely
consistent. This is not surprising, given that the square root method was adopted only as a simple
approximation in the first place, but it does suggest a need for further work in this area.

Use of Size-at-Age Data in Parameter Estimation

Each size at age datum is assumed to be drawn from a normal distribution specific for that age and year.
The model’s estimate of mean size at age serves as the mean for that year’s distribution, and the standard
deviation is inversely proportional to the sample size (Methot 2000, Methot 2005a).

Use of Survey Abundance Data in Parameter Estimation

Each year’s survey abundance datum is assumed to be drawn from a lognormal distribution specific to
that year. The model’s estimate of survey abundance in a given year serves as the geometric mean for
that year’s lognormal distribution, and the ratio of the survey abundance datum’s standard error to the
survey biomass datum itself serves as the distribution’s coefficient of variation.

Use of Recruitment Deviation ““Data’ in Parameter Estimation

The recruitment deviations likelihood component is different from traditional likelihoods because it does
not involve “data” in the same sense that traditional likelihoods do. Instead, the log-scale recruitment
deviation plays the role of the datum and the log-scale recruitment mean and oy play the role of the
parameters in a normal distribution, but, of course, all of these are treated as parameters by SS2.

MODEL EVALUATION

As described in the preceding section, nine models are evaluated in the present assessment. Model 0 is
very similar to the model selected last year by the Plan Team and SSC, except for use of updated values
for those parameters that are estimated independently (i.e., outside of the SS2 model). Model 0 fixes the
catchability coefficient for the EBS shelf bottom trawl survey at the traditional value of 1.0. The eight
alternative models attempt to estimate catchability for all surveys, and differ from one another with
respect to use or exclusion of longline survey data, choice of functional form for selectivity, and the
weight assigned to prior distributions in the objective function. All models appeared to converge
successfully and the Hessian matrices from all models were positive definite. However, it should be
noted that it was typically more difficult to achieve convergence for the models associated with de-
emphasized prior distributions (Models A2, B2, C2, and D2). To achieve convergence, those models
were initialized with the parameter estimates from their respective “full prior” counterparts. Even then,
convergence was sometimes achieved only after considerable trial and error, particularly in the case of
models utilizing the double logistic selectivity function (Models A2 and C2). Also, models using the
longline survey data (Models C1, C2, D1, and D2) had a difficult time converging unless estimation of
the longline survey selectivity parameters was moved to the last phases in the estimation routine.

Overall Conclusions Common to All Models

Before choosing a preferred model, it is important to note that, in many respects, the descriptions of the
stock provided by all of the models are, qualitatively at least, very similar. For example, Figure 2.2
compares numbers of age 0 fish for the years 1977-2005 as estimated by all the models. All the models
are in basic agreement as to which year classes appear to be strong and which appear to be weak (of
course, there is estimation error associated with all of the points shown in Figure 2.2, but to keep the
figure legible, only the point estimates are shown). In particular, all the models agree that the 2000-2004
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year classes currently appear to be weak. Figure 2.3 compares female spawning biomass for the years
1977-2006 as estimated by all the models. The overall shapes of all the estimated time series are again
qualitatively similar, with the main difference being one of scale. From about 1993 to the present, all
models indicate that female spawning biomass has been fairly stable, although the trend over the last
couple of years is downward in all models. As far as the prognosis for the future is concerned, again the
models are in qualitative agreement, with all models projecting continued declines for the next 2-3 years,
as shown in Figure 2.4 (note that the spawning biomasses in Figure 2.3 are from the assessment model,
which is configured for the EBS portion of the stock only, whereas the spawning biomasses in Figure 2.4
are from the projection model, which is configured for the overall BSAI stock, so the endpoints of the two
time series do not match). It should be emphasized that the projections shown in Figure 2.4 represent the
average of a large number of stochastic projections. The averages rather than the ranges are plotted
because of the large number of models being compared.

Comparing and Contrasting the Models

Table 2.16 presents a summary of some key results from last year’s assessment (based on the model
chosen by the Plan Team and SSC) and compares them with the corresponding results from Model 0 and
the eight alternative models. The table is structured as follows:

Row 1: Model names.
Rows 2-4: Factors that distinguish the eight alternative models from each other.

Rows 5-7: Parameters governing the distribution of recruitments. Row 5 shows the standard
deviation of the distribution of log-scale recruitment deviations, row 6 shows the median log-
scale recruitment for the post-1976 environmental regime, and row 7 shows the log of the ratio of
median log-scale recruitments between the pre-1977 and post-1976 environmental regimes (i.e., a
negative value in row 7 means that median recruitment was lower in the pre-1977 regime than in
the post-1976 regime).

Rows 8-10: Parameters or function values characterizing shelf trawl survey catchability and
selectivity. Row 8 shows the catchability for the pre-1982 portion of the time series, row 9 shows
the catchability for the post-1981 portion of the time series, and row 10 shows the estimated post-
1981 shelf trawl survey selectivity for fish 90 cm in length. The full selectivity schedules for the
post-1981 shelf trawl survey are compared in Figure 2.5.

Rows 11-15: Log likelihood values related to survey abundance indices (by convention, all log
likelihood, log prior, and log objective function values are multiplied by -1). These rows show
the values of the log likelihoods pertaining to the abundance data from the pre-1982 shelf trawl
survey, post-1981 shelf trawl survey, slope trawl survey, Japanese longline survey, and U.S.
longline survey, respectively.

Rows 16-24: Log likelihood values related to size composition. These rows show the values of
the log likelihoods pertaining to the size composition data from the January-May trawl fishery,
June-December trawl fishery, longline fishery, pot fishery, pre-1982 shelf trawl survey, post-1981
shelf trawl survey, slope trawl survey, Japanese longline survey, and U.S. longline survey,
respectively.

Rows 25-27: Other log likelihoods. Row 25 shows the log likelihood pertaining to the post-1981
shelf trawl survey age composition data, row 26 shows the log likelihood pertaining to the post-
1981 shelf trawl survey size-at-age data, and row 27 shows the log likelihood pertaining to
recruitment deviations.

Row 28: Log prior distributions.
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Row 29: Log posterior distribution (the objective function). This row shows the sum of the
previous 18 rows, except that the log prior distribution is weighted by a factor of 0.5 in Models
A2,B2, C2, and D2.

Table 2.17 continues the comparison by presenting results for several management-related quantities.
Values obtained from the SS2 model are shown in normal font and values obtained from the projection
model are shown in bold font. All values pertain to the overall BSAI stock, not just the EBS portion of
the stock assessed by the SS2 model. The table is structured as follows:

Rows 1-4: Same as Table 2.16.
Rows 5-6: BSAI total biomass for 2005 and 2006.

Rows 7-10: BSAI female spawning biomass for 2005-2008. Note that there is a mismatch
between values obtained from SS2 and those obtained from the projection model, because SS2
computes spawning biomass at the start of the year whereas the projection model computes
spawning biomass at the month of peak spawning.

Rows 11-14: BSAI female spawning biomass for 2005-2008 expressed as a proportion of
equilibrium unfished spawning biomass (again, there is a slight mismatch between the SS2 and
projection model estimates of equilibrium unfished spawning biomass).

Rows 15-19: Current (2006) BSAI ABC and projected maximum permissible ABC for 2007-
2008, with the proportional year-to-year changes implied by those ABCs.

Rows 20-24: Similar to rows 15-19, but for OFL instead of ABC.

For the length composition and age composition components of the likelihood, past assessments have
included a comparison of input sample sizes and “effective” output sample sizes. The rationale is as
follows: Once maximum likelihood estimates of the model parameters have been obtained, SS2
computes an “effective” sample size for the length or age composition data specific to a particular year,
gear, and season within the year. Roughly, the effective sample size can be interpreted as the multinomial
sample size that would typically be required in order to produce the given fit. More precisely, it is the
sample size that sets the sum of the marginal variances of the proportions implied by the multinomial
distribution equal to the sum of the squared differences between the sample proportions and the estimated
proportions (McAllister and Ianelli 1997). As a function of a multinomial random variable, the effective
sample size has its own distribution. The harmonic mean of the distribution is asymptotically equal to the
true sample size in the multinomial distribution. Thus, if the effective sample size is less than the true
sample size in the multinomial distribution, it is reasonable to conclude that the fit is not as good as
expected. The following table shows the average of the input sample sizes (Input N) for each length or
age composition component and the ratio between the average effective sample size and the average input
sample size under each model (a higher ratio implies a better fit):

Model
Gear Type Input N 0 Al A2 Bl B2 Cl 2 D1 D2
Jan-May trawl fish. Length 169 1.55 1.74 1.86 1.52 1.52 1.91 2.00 1.50 1.51
Jun-Dec trawl fish. Length 42 1.96  2.07 2.12 1.99 1.94 1.97 1.97 1.97 1.94
longline fishery Length 191 1.58 1.57 1.61 1.79 1.80 1.54 1.56 1.74 1.76
pot fishery Length 100  2.33 229 240 244 245 2.31 2.45 2.55 2.57
pre-82 shelf survey Length 100 0.72 0.70 0.69 0.64 0.64 0.57 0.56 0.54 0.54
post-81 shelf survey Length 104 1.11 1.12 1.11 0.93 0.93 1.08 1.07 0.93 0.93
slope survey Length 23 500 4.68 585 10.27 9.91 5.56 698 11.21 10.65
Japan LL survey Length 140 n/a n/a n/a n/a n/a 1.22 1.19 1.23 1.23
U.S. LL survey Length 88 n/a n/a n/a n/a n/a 2.17 2.21 1.95 2.12
post-81 shelf survey Age 94 0.63 0.62 0.61 0.60 0.60  0.61 0.61 0.62 0.61
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Two points should be noted regarding the shelf survey length composition components: 1) The true input
sample sizes for the pre-1982 portion of the time series are unknown, so the assumed value of 100 is only
a guess. 2) To avoid double-counting, results for the post-1981 shelf survey length composition
component do not include years for which age data are available.

Evaluation Criteria

The values of the various components of the objective function are often fairly close across models, or

involve tradeoffs that make it difficult to choose one model over another. The same conclusion holds for
the effective sample sizes associated with the length and age composition data. Because all of the models
seem to perform reasonably well in terms of fitting the data, the following criteria are therefore proposed:

1) The model should describe a plausible selectivity schedule for the post-1981 shelf trawl survey.

2) The model should not depend on data that require further validation before they can be
considered ready for use in the stock assessment.

3) The model should converge well (e.g., not be too dependent on initial parameter estimates).

4) The model should not depend too strongly on the prior distributions.

Selection of Final Model

Criterion #1 argues against choosing Model 0. As Figure 2.5 shows, Model 0’s selectivity schedule for
the post-1981 shelf trawl survey shows a pronounced kink that is very difficult to justify on theoretical
grounds. The eight alternative models all result in much more plausible selectivity schedules for this
survey.

Criterion #2 argues against choosing Models C1, C2, D1, and D2, which are the models that utilize data
from the Japanese longline survey and the U.S. longline survey. While it may be possible to develop
usable indices from these surveys in the future, the present indices seem too problematic, for the
following reasons: 1) the available abundance indices for Pacific cod (unlike those for sablefish) do not
include appropriate area expansion factors, 2) the interannual variability in the available abundance
indices from the Japanese longline survey is extreme, and 3) the sample size in the U.S. longline survey is
small (only 11 stations have been successfully sampled in every year).

Criterion #3 argues against Models A2, B2, C2, and D2, which are the models with de-emphasized priors
and that typically had to be initiated with the converged parameter estimates from their respective “full
prior” counterparts in order to converge successfully. Also, the models that used the longline survey data
(Models C1, C2, D1, and D2) had difficulty converging unless estimation of longline survey selectivity
parameters was delayed until other parameters had been estimated (i.e., moved to a later phase).

Criterion #4 argues against Model A1. Using relative change in estimated 2006 spawning biomass as an
indicator of sensitivity, Model Al is seen to be much more sensitive to the emphasis assigned to the prior
distributions than any of the other “full prior” models (Models B1, C1, and D1). The relative change in
2006 spawning biomass between Model A1 (full prior) and Model A2 (de-emphasized prior) was 16%,
compared to -3%, 3%, and -2% for the relative changes between Models B1 and B2, C1 and C2, and D1
and D2, respectively.

By process of elimination, then, Model B1 is therefore recommended as the preferred model. If Model
A1, which has many more parameters, were to have given results substantially different from Model B1,
it might be argued that Model B1 is under-parameterized. However, results from Models A1 and B1 are
fairly similar, indicating that the more parsimonious parameterization used in Model B1 does not cause
the model to overlook key details. It may also be noted that Model B2 gives results extremely similar to
those from Model B1, suggesting that this model could also be a viable candidate, particularly in a future
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assessment if further work confirms the stability of the model when less informative priors are specified.
Another consideration pertaining to future assessment work is that Model B1 may have potential to
overcome some of the past difficulties encountered in attempting to estimate M and Q for Pacific cod
using models based on the double logistic selectivity function.

Final Parameter Estimates and Associated Schedules

Final estimates of some key scalar parameters (i.e., parameters that do not define length-specific
schedules) corresponding to Model B1 are shown in Table 2.16. Another scalar parameter estimated by
SS2 is the equilibrium fishing mortality rate at the start of the time series, which had a value of 0.075 in
Model B1.

Estimates of year-, season-, and gear-specific fishing mortality rates from Model B1 are shown in Table
2.18, estimates of regime-specific median recruitments and annual recruitment deviations from Model B1
are shown in Table 2.19, and estimates of selectivity parameters from Model B1 are shown in Table 2.20.

Schedules of selectivity at length from Model B1 are shown for the commercial fisheries in Table 2.21a
and for the bottom trawl surveys in Table 2.21b. The schedules in Tables 2.21a and 2.21b are plotted in

Figure 2.6.
Schedules of length at age, proportion mature at age, and weight at age from Model B1 are shown in
Table 2.22.
RESULTS
Definitions

The biomass estimates presented here will be defined in three ways: 1) age 3+ biomass, consisting of the
biomass of all fish aged three years or greater in January of a given year; 2) spawning biomass, consisting
of the biomass of all spawning females in a given year; and 3) survey biomass, consisting of the biomass
of all fish that the model estimates should have been observed by the survey in July of a given year. The
recruitment estimates presented here will be defined as numbers of age 0 fish in a given year. The fishing
mortality rates presented here will be defined as full-selection, instantaneous fishing mortality rates
expressed on a per annum scale. In all comparisons involving last year’s results, it is important to note
that table entries labeled “Last Year’s Values” do not correspond to the values given in last year’s SAFE
report, because the values given in last year’s SAFE report corresponded to the authors’ preferred model,
not the model chosen by the Plan Team and SSC. Instead, table entries labeled “Last Year’s Values”
correspond to the results given last year under the model chosen by the Plan Team and SSC.

Biomass

Table 2.23 shows the time series of EBS (not expanded to BSAI) Pacific cod female spawning biomass
for the years 1977-2006 as estimated last year under the Plan Team’s and SSC’s preferred model and this
year under Model B1. Both estimated time series are accompanied by their respective 95% confidence
intervals.

The estimated EBS female spawning biomass time series and confidence intervals from Model B1 are
shown, together with the Model B1’s estimated time series of EBS age 3+ biomass, in Figure 2.7. Figure
2.7 also compares the observed and model-estimated time series from the EBS shelf bottom trawl survey.
All three biomass trends estimated by Model B1 are fairly flat from about 1992 through about 2004, but
all three show a declining trend for at least the last couple of years.
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Recruitment

Table 2.24 shows the time series of EBS (not expanded to BSAI) Pacific cod age 0 recruitment (1000s of
fish) for the years 1977-2005 as estimated last year under the Plan Team’s and SSC’s preferred model and
this year under Model B1. Both estimated time series are accompanied by their respective 95%
confidence intervals.

Model B1’s recruitment estimates for the entire time series (1964-2005) are shown in Figure 2.8, along
with their respective 95% confidence intervals and regime-specific averages. For the time series as a
whole, the largest year classes appear to have been the 1976-1977 cohorts. Other large cohorts include
the 1978, 1982, 1984, 1989, 1992, 1996, and 1999 year classes. Of the five classes spawned immediately
after the strong 1999 year class, however, none have 95% confidence intervals that extend above the
1977-2005 average. One potential bright spot on the horizon is the 2005 year class, whose point estimate
is just below the 1977-2005 average. However, its confidence interval is fairly large, since the only data
currently available to estimate its strength is the size composition data from the 2006 shelf trawl survey.

To date, it has not been possible to estimate a reliable stock-recruitment relationship for this stock. With
the move to SS2, prospects for future estimation of such a relationship should improve. In the interim,
Figure 2.9 is provided to give some indication of the relationship between stock and recruitment. The
Ricker (1954) curve shown in this figure (fit by maximum likelihood, ignoring process error) is intended
to be illustrative only, and is not recommended for management purposes.

Exploitation

Table 2.25 shows the time series of EBS Pacific cod catch divided by age 3+ biomass for the years 1977-
2006 as estimated last year under the Plan Team’s and SSC’s preferred model and this year under Model
B1.

The average value of this ratio over the entire time series is about 0.12, slightly less than the average
value of 0.13 obtained in the model chosen last year by the Plan Team and SSC. The estimated values
exceed the average for every year after 1989 except 1993, whereas none of the estimated values exceed
the average in any year prior to 1990. This finding is similar to that obtained in past assessments.

Figure 2.10 plots the trajectory of relative fishing mortality and relative female spawning biomass from
1977 through 2006 based on Model B1, overlaid with the current harvest control rules (fishing mortality
rates in the figure are standardized relative to Fss, and biomasses are standardized relative to Bss, per
SSC request). The entire trajectory lies underneath the For control rule except for the years 1977-1979.
For the period since 1980, the entire trajectory also fell below the maxFagc control rule, except for 1995
and 1997, when the fishing mortality rate appears to have exceeded the retroactively calculated maxFagc.
It should also be noted that the current harvest control rules did not go into effect until 1999.

PROJECTIONS AND HARVEST ALTERNATIVES

Amendment 56 Reference Points

Amendment 56 to the BSAI Groundfish Fishery Management Plan (FMP) defines the “overfishing level”
(OFL), the fishing mortality rate used to set OFL (Fofr.), the maximum permissible ABC, and the fishing
mortality rate used to set the maximum permissible ABC. The fishing mortality rate used to set ABC
(Fagc) may be less than this maximum permissible level, but not greater. Because reliable estimates of
reference points related to maximum sustainable yield (MSY) are currently not available but reliable
estimates of reference points related to spawning per recruit are available, Pacific cod in the BSAI are
managed under Tier 3 of Amendment 56. Tier 3 uses the following reference points: Byge, equal to 40%
of the equilibrium spawning biomass that would be obtained in the absence of fishing; Fsse, equal to the
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fishing mortality rate that reduces the equilibrium level of spawning per recruit to 35% of the level that
would be obtained in the absence of fishing; and F4oy, equal to the fishing mortality rate that reduces the
equilibrium level of spawning per recruit to 40% of the level that would be obtained in the absence of
fishing. The following formulae apply under Tier 3:

3a)Stock status: B/Bagy, > 1
ForL = Fase
Fasc < Faos
3b)Stock status: 0.05 < B/Bygy, < 1

ForL = Fasy x (B/Bagy - 0.05) x 1/0.95

Fasc < Faow x (B/Bagy - 0.05) x 1/0.95
3c)Stock status: B/Bagy < 0.05

For.=0

Fasc =0

Estimation of the By, reference point used in the above formulae requires an assumption regarding the
equilibrium level of recruitment. In this assessment, it is assumed that the equilibrium level of
recruitment is equal to the post-1976 average (i.e., the arithmetic mean of all estimated recruitments from
year classes spawned in 1977 or later). Other useful biomass reference points which can be calculated
using this assumption are Bygoy, and Bsse, defined analogously to Bsgyw. These reference points are
estimated as follows, based on Model B1:

Reference point: B3sos Bagw B1ogv
BSAIL: 280,000t 320,000t 800,000 t
EBS: 235,000t 269,000t 672,000t

For a stock exploited by multiple gear types, estimation of Fssy, and F4o9, requires an assumption
regarding the apportionment of fishing mortality among those gear types. For this assessment, the
apportionment was based on Model B1’s estimates of fishing mortality by gear for the three most recent
complete years of data (2003-2005). The average fishing mortality rates for those years implied that total
fishing mortality was divided among the three main gear types according to the following percentages:
trawl 31.0%, longline 58.8%, and pot 10.2%. This apportionment results in estimates of Fzso, and Fago
equal to 0.42 and 0.34, respectively.

Specification of OFL and Maximum Permissible ABC

BSAI spawning biomass for 2007 is estimated by Model B1 at a value of 307,000 t (EBS value = 258,000
t). This is about 4% below the BSAI Bygq, value of 320,000 t (EBS value = 269,000 t), thereby placing
Pacific cod in sub-tier “b” of Tier 3. Given this, Model B1 estimates OFL, maximum permissible ABC,
and the associated fishing mortality rates for 2007 as follows:

Quantity Overfishing Level Maximum Permissible ABC
EBS catch: 174,000 t 148,000 t
BSAI catch: 207,000 t 176,000 t
Fishing mortality rate: 0.39 0.33

The age 3+ biomass estimates for 2007 from Model B1 are 960,000 t and 807,000 t for the BSAI and
EBS, respectively.

NPFMCBering Seaand AleutianlslandsSAFE
Page261



BSAIlPacific Cod DecembeR00¢€

ABC Recommendation

Review of Past Approaches

BSALI Pacific cod ABCs for the years 1998-2002 were based on a harvest strategy that attempted to
address some of the statistical uncertainty in the assessment model, namely the uncertainty surrounding
parameters the natural mortality rate M and survey catchability Q (Thompson and Dorn 1997, 1998,
1999). For the 2001-2002 ABCs, the strategy was simplified by assuming that the ratio between the
recommended Fapgc and F4q9, estimate given in the 1999 assessment (0.87) was an appropriate factor by
which to multiply the current maximum permissible Fagc to obtain a recommended Fagc (Thompson and
Dorn 2001). For the 2003 and 2004 ABCs, concerns regarding the performance of the assessment model
led to a decision that kept ABC constant at the 2002 level of 223,000 t, well below the maximum
permissible level estimated in the respective assessments (Thompson and Dorn 2002, 2003). In the 2004
assessment (Thompson and Dorn 2004), the maximum permissible value for the 2005 ABC was estimated
to be 227,000 t, only slightly higher than the 2003-2004 ABCs of 223,000 t. Because the 2003-2004
“constant catch” ABCs were intended to provide a precautionary alternative to the model’s maximum
permissible ABCs, it seemed appropriate in the 2004 assessment to consider another method for
recommending ABC. This method was based on a consideration of the mean-variance tradeoff associated
with future catches predicted by the standard projection model, and resulted in a 2005 ABC of 206,000 t.
In the 2005 assessment, the Plan Team and SSC selected a model that resulted in a maximum permissible
ABC of 194,000 t, which was adopted as the 2006 ABC.

Recommendation for 2007

Based on Model B1, the maximum permissible ABC (Tier 3b) for 2007 is 176,000 t. To provide some
context for this value, the time series of ABCs for the 16 years following 1990 shows that ABC has
ranged from a low of 164,500 t to a high of 328,000 t, with an average of about 221,000 t, (Table 2.4). A
2007 ABC of 176,000 t would be the second lowest ABC since 1990, and the decrease from the 2006
ABC (14,000 t) would represent the seventh largest one-year decrease in the time series since 1990.
Given the magnitude of this decrease and the fact that it follows immediately on the heels of two
consecutive decreases of similar magnitude, there does not seem to be any compelling reason to
recommend an ABC lower than the maximum permissible value for 2007. Therefore, 176,000 t is the
recommended ABC for 2007. It should be noted that all models considered in this year’s assessment,
including Model B1, project the maximum permissible ABC to continue declining for at least the next
couple of years while the weak 2000-2004 year classes work their way through the age structure.

Area Allocation of Harvests

At present, ABC of BSAI Pacific cod is not allocated by area. However, the Council is presently
considering the possibility of specifying separate